168 samples from three sites were studied. The gradient of the AVEC plot curve in the 26 oxygenated phase provides information about the mass absorption cross section (σ) of the 27 particles leaving the filter. The σ of the PC generated in the higher temperature Quartz 28 protocol was greater than the PC generated in the lower temperature EUSAAR_2 protocol. 29 Also, in both cases the PC evolved at a lower temperature in the oxygenated phase than the 30 native EC. 31 To minimise the shadowing effect, σ was also measured for the particles leaving the filter at 32 the end of the analysis. These σ values, which are expected to be a combination of inherent 33 σ together with fixed instrumental factors, were consistent between the different sites (45 ± 34 10 m 2 g -1 in rural samples, 42 ± 8 m 2 g -1 in urban samples and 35 ± 14 m 2 g -1 in roadside 35 samples). 36 
37
The AVEC plot can be generated from the data routinely produced by the analytical 38 instrument using the R-code supplied in the supplementary material. Introduction Introduction Introduction 41 Elemental Carbon (EC) is an important component of our air pollution. Air pollution 42 consists of a complex combination of gases and particulate matter (PM), the term for the 43 mixture of solid particles and liquid droplets found in the air. 44 PM profoundly impacts human health (Kim et al., 2015) , visibility, natural ecosystems, the 45 weather, and the climate (IPCC, 2013 ). These PM effects are dependent on the aerosol 46 properties, including the number concentration, size, and chemical composition. PM is 47 emitted directly into the atmosphere (primary) or formed in the atmosphere through gas- 48 to-particle conversion (secondary) (Zhang et al., 2015) . Furthermore, primary and secondary 49 PM undergoes chemical and physical transformations and is subjected to transport, cloud 50 processing, and removal from the atmosphere. 51 Carbon in PM falls broadly into three categories that are defined operationally: EC, organic 52 carbon (OC), and carbonate carbon (CC). Recently, more attention has been drawn to EC, 53 due to its linkage to adverse health ( Given that the y-axis of the AVEC plot is optical attenuation and the x-axis is the carbon 303 evolved up in the oxygenated phase (in μg cm -2 ), the gradient of the curve in the oxygenated 304 phase is in principle the mass absorption cross-section of the evolving material, in units of 305 cm 2 μg -1 . This can be multiplied by 100 to give the more usual units of m 2 g -1 . 306 However, the determination of the mass absorption cross-section has some caveats. Similar 307 to an aethalometer or particle soot absorption photometer, the change in attenuation will 308 be determined by the mass absorption cross-section of the material leaving the filter but material. If less dark original EC is evolved first, the split point will come too late, the 342 estimated pyrolysed material will be too large and EC will be measured as too low 343 (Karanasiou et al., 2015) . Conversely, if original EC is darker than the pyrolysed material and 344 evolves first then the split point will be too soon and the bias in the OC/EC split will be 345 reversed. 346 347 In contrast to thermograms, the AVEC plot provides a means to examine the mass 348 absorption cross-section of material leaving the filter at different stages of the analysis to 349 investigate the validity of the assumptions affecting the OC/EC split. shadowing effects, gave consistent results among the different sites. 471 Furthermore, the AVEC plots presented here highlight that the optical properties of the PC 472 formed during the analysis varies by protocol. The PC formed by the higher temperature 473 Quartz protocol had a greater σ than that produced by the lower temperature EUSAAR_2 474 protocol. The AVEC plots show that these differences were evident in the carbon evolving at 475 the beginning of the oxygenated phase. Therefore, we conclude that in these cases PC 476 evolved at lower temperatures than the native EC in ambient samples. This could explain 477 the systematic 10% difference observed between the PC measured by the two protocols. We provide a new way to represent thermal-optical OC/EC analysis data (AVEC plot). 10 11
The AVEC plot focuses on the sample properties, not the instrument sensor status. 12 13
It allows the investigation of the optical properies of carbon particles. 14 The optical properties of pyrolysed ambient carbon differed between protocols. 15
